IPG AS-HEP-TH /43 /95 
December, 1995 



NATURAL SUPPRESSION OF d = 5 OPERATOR INDUCED PROTON DECAY 
IN SUPERSYMMETRIC GRAND UNIFIED THEORIES 

SO 

. I. Gogoladze [j] and A. Kobakhidze Q 

Institute of Physics, Georgian Academy of Sciences 
Tamarashvili 6, 380077 Tbilisi, Georgia 

O 

' Abstract 

f*"*. ' The proton decay in supersymmetric (SUSY) Grand Unified Theories (GUTs), where the special mech- 

anism provides the natural suppression of the dimension 5 (d — 5) operators, was studied. Due to this 
mechanism, d = 5 operator induced proton decay takes place only through the mixing of light generation 
fermions with those from third generation and crucially depends on the structure of fermion mass matrices. 
We show that in general proton decay is strongly suppressed relative to the standard SUSY GUT situation 
and for wide class of fermion mass matrices the SUSY parameter space practically has no restrictions. 

CO 

o 

so 
o\ 

^3 
a: 

> 

X 
S3 



To be published in J. of Atomic Nuclei (Yad.Fiz) 



1 E-mail: ilia@physics.iberiapac.ge 
2 E-mail: yokoOphysics . iberiapac. ge 



1 Introduction 



In the Grand Unified Theories (GUTs) supersymmetry introduces a qualitatively new mechanism of proton 
decay through the d — 5 operators Q. This baryon number violating operators are induced by color triplet 
Higgsino exchange and have the form of F-product 
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where Q, L denote quark and lepton superfields respectively and Mh c is Higgsino mass, d = 5 operators 
convert the fermionic (quark and lepton) states into the scalar ones (squarks, sleptons). So to be relevant for 
the proton decay, the later must be "once again" converted back to the fermionic states via gaugino (chargino, 
gluino, ...) exchange. However, since the masses of SU(3) C (g> SU(2)l <8> U(l) gauginos are attributed to the 
supersymmetry treating scale (~ 100 GeV), the resulting four fermionic operator is suppressed by single power 
of inverse Higgsino mass M^ 1 (which at best ~ M^ T ). 

For this reason d = 5 operators give an unacceptable short proton life-time, unless Mh c > 10 17 GeV S and 
the supersymmetric spectrum is not too light. In fact, demanding Mh c < Mgut, so that the Yukawa coupling 
generating the H c mass remains perturbative and naturalness criterion, m~ ; - < 1 TeV it has been shown |3fl 
that the proton decay mode p — * DK + is sufficiently suppressed only if the squarks and sleptons are heavy, the 
two lightest neutralinos and the lightest chargino are much lighter, and tan(3 < 6. Thus, acceptable Higgsino 
induced d = 5 operators are allowed only in some region of the theory parameters and their suppression is an 
important problem in SUSY GUTs. 

The natural solution of the problem was proposed in Q, where it was shown that colored triplet Higgs 
(Higgsino) can be automatically decoupled from the light matter superfield if the quark and lepton masses are 
induced trough the higher dimentional operators involving GUT symmetry violating VEVs. The mechanism of 
H can be easily demonstrated on the S'O(IO) example in which electroweak Higgs doublet (and color triplet) 
are extracted from the 10-dimentional representation and quarks and leptons are placed in spinorial 16-plets. 
Imagine, that the masses of light matter generations are induced trough the "Yukawa" couplings of the form 

' 10i45 ifc 167fel6 (2) 
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(only 50(10) tensor indices i, fc=l,...,10 are written explicitly). Here 45-plet is one of the Higgs representations 
that breaks GUT symmetry. Coupling (2) should be treated as an effective operator generated trough the heavy 
(with mass ~ Mgut) 144 + 144-plet exchange (for more details see [4]). 

Obviously, the colored Higgs (Higgsino) automatically gets decoupled from matter superfields, provided 
45-plet develops VEV of the following form 

< 45 >= diag(0, 0,0, ct, <t)V, V ~ M GUT , (3) 

where 

1 

-1 

Consequently there are no tree level d = 5 as well as d = 6 baryon number violating operators. 

In the present paper we generalize this mechanism for the "realistic" fermion mass matrix framework. That 
is we make natural assumption that only the third family fermions (or perhaps only the top quark) get masses 
from the tree level coupling with 10-plet 

10 ■ 16 3 • 16 3 (4) 

Model dependently the theory can be arranged in such a way that all third family (top, bottom and r) or only 
top acquire mass from above operator depending whether both "up" and "down" electroweak Higss doublets 
(H Ul H ( i) or only H u reside in 10-plet. Alternatively, some intermediate cases are also possible in which Hd 
only partially resides in 10-plet and partially in some other representation that is not coupled with 16 3 . 

In general case other fermions will get their masses from the set of higher dimensional operators of the form 

where (45™)^ denotes an n-linear product of Higgs 45-plets with all other indices (except i, k) contracted 
among each other and a, (3 are generation indeces. The regulator scale M that stands in denominator need 
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Figure 1: The nucleon decay diagram in the case of diagonal up-quark mass matrix. 

not be treated necessarily as an 5O(10)-invariant mass, since the contribution to the masses of the "integrated 
out" heavy states (e.g. 144 + 144, 16 + 16) comes from the large GUT symmetry breaking VEVs as well. The 
detailed structure of the operators (4) is not important for us [J We simply assume that this structure provides 
a realistic spectrum of the matter fermions. Following [Q, the key assumption is that the operators (5) that 
give the masses to light fermions enter the 10-plet in the combination 

10,(45™)!*, (6) 

where at least one 45 has the VEV given by (3) . Thus in our case the colored triplet Higgs (Higgsino) is coupled 
only to the "initial" third family 16 3 . Since in general this particles are not mass eigenstates, the coupling of 
colored Higgs (Higgsino) with physical u,d-quark (squark) can arise through the mixing in the fermion mass 
matrices and consequently will be suppressed by corresponding mixing angles. So proton decay amplitude will 
crucially depend on the structure of the fermion mass matrices. 



2 Nucleon decay for various mass matrices. 

The four-fermion baryon number violating chargino dressing effective Lagrangian can be written down as Q 
(gluino and neutralino dressed contributions are negligible in comparison with chargino ones) 

x ((^(dJVfcMFfa, e fc ) + F(Zi, di)] + KX)«, e' k )[F(u h d t ) + F(dj, i*)] + 
+(di,y' k )(d , i ,u' j )[F(u i ,e k ) + F(u i ,d j )} + K4)Ke' fc )[F(^,^) + F(dj,i7 k )}\ (7) 
where u'^d^e^, v[ are up and down quarks and leptons mass eigenstates; 
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comes from the loop integral, and m a z are s-fermion (squark, slepton) masses ; Al ~ 0.283, As ~ 0.883 are the 
long-range, short-range RGE suppression factors; and gfj are Yukawa coupling constants for up and down 
quarks respectively; Vij are Cabibbo-Kobaiashi-Maskawa (CKM) matrix elements. 



a. The diagonal up-quark mass matrix case . 

Let us consider the case when up-quark mass matrix has the diagonal form. In this case quark mixing (in 
the weak current) entirely arises from the down-quark mass matrix Md which is diagonalized by CKM rotation. 
Since Higgs colored triplet is initially coupled only with the third generation, one of the squarks participating 
in d = 5 operator should be s-top. Consequently, dominant nucleon decay modes are p — ► K + i> T , n —> K°v T 
through the diagram of Fig.l 

To calculate the life time of proton and neutron, one employs the chiral Lagrangian approach to parametrize 
the hadronic matrix elements fl . We have 

(A L A S ) 2 | C VtK I 2 , (8) 

The most general analysis of such operators in view of maximal predictivity was done in |5| 
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where 7^=139 MeV is the pion decay constant, and mjv=0.938 MeV and mx=0.439 GeV are the nucleon and 
K-meson masses, respectively. The parameter /3 is the three-quark matrix element of the nucleon wave function 
UZ (7=1,2): /3U2 = e abc < | e^d^U^U^ \ V >• Lattice gauge theory gives (3 = (5.6 ± 0.8) * 1CT 3 GeV 3 @. 
The parameter C Vt k has the form 

a 2 

Cu TK = ^ M ^^ m b m t V 3 iVisV23(V2 S Vs 3 )F(t, b) (9) 

Note that in a sharp contrast with the standard SUSY GUTs of ref. [1] (in which Yukawa couplings of the weak 
doublet and color triplet are not splitted) we have an additional suppression factor (V23V33) in C Vt k- 
Using the above values, we have obtained the partial life-time for p — > K + v T decay: 

rip -+ K+9 T ) * r(n -> K°D r ) * 7 ■ 1(T 12 jgs L (S^) 2 W (H» 

In Fig. 2 and Fig. 3 we have plotted the value of proton partial life-time T p (p — > D T K + ) as a function of tan (3 
and correlations between chargino rrig and squarks rriq masses respectively for various F. One can see from Fig. 2 
that, in contrast with usual SUSY GUTs Q), 0, the wide range of tan(3 parameter is allowed. From Fig. 3 it is 
clear, that the large splitting between chargino and squark masses is not necessary, so in our case the allowed 
SUSY parameter space is much larger than in usual SUSY GUTs. 



b. The diagonal down-quark mass matrix case. 

Now, let us consider the case of the diagonal down-quark and charged lepton mass matrix. Then in the 
limit in which quark and squark masses are diagonalized simultaneously, there are no gagino dressed diagrams 
for proton decay. The incoming pair of the constituent quarks, participating in the diagram must be u-u or d-d 
or u-d. In the later case the one of the outgoing legs from the diagram (due to charge and color conservation) 
should be down type quark or charged lepton. But the only down quark (charged lepton) coupled to triplet 
Higgsino is b-quark (r-lepton). Thus, proton decay is kinematically forbidden. 

If the incoming legs in the diagram are u-u, those the outgoing should be down-quark + charged lepton. 
Consequently, this diagram is dressed either by gaugino or neutralino, which do not change flavor. Once again 
we inevitably end up with b-quark bieng one of the outgoing legs of the diagram and thus proton decay is 
impossible. The same arguments can be used to show that there are no d = 5 diagrams responsible for neutron 
decay in the case when incoming legs are d-d. 

It is clear, that in any mass matrix ansatzes, where the first generation down-type quark does not mix with 
the third one, the situation is similar to one discussed above 

In conclusion, it should be stressed that we have considered the examples a) and b) in which one of the 
mass matrices are diagonal just for simplisity and maximal predictivity, since in these cases suppression factors 
depend on CKM matrix elements only. In the case of more general anzats (with both matrices non-diagonal) 
the analogous suppression of proton decay will take place. The only difference is that in this case suppression 
factor will depend on the less known quark mass matrix mixing angles. 

Thus, in a large class of mass matrices we have a natural suppression of d = 5 operator induced nucleon 
decay. 
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Figure 2: Value of proton partial life-time r p (p — ► v T K + ) as function of tan/3 for various F. The (a), (b), (c), (d), (e) 
lines correspond to F = 5 • 1CP 5 , 2 • 10~ 4 , 5 • 10~ 4 , 10~ 3 and 0.05. The solid horizontal line is the current experimental 
limit. The dotted line is the upper bound for Super-Kamiokande. 
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